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ABSTRACT  
This paper presents an extensive review of the pertinent literature regarding asphalt and asphalt mixture Aging. Aging affects flexible 
pavement performance and is produced by intrinsic and extrinsic variables as well as exposure time. Intrinsic variables include as-
phalt and aggregate properties, a mixture’s asphalt content, binder film thickness and air void content; extrinsic variables are asso-
ciated with production (short-term aging) and exposure to environmental field conditions (long-term aging). Taken together, both 
variables demonstrate that aging results from three distinct mechanisms: volatilisation, oxidation and steric hardening. Temperature, 
pressure and photo degradation treatments are used to simulate aging in the laboratory and empirical and semi-empirical models 
are created to represent and study aging. Aging increases asphalt complex modulus and decreases the phase angle. Mixtures 
become stiffer while fatigue life becomes reduced. Carbonyl and sulfoxide group formation in asphalt are often studied as such 
chemical changes show oxidation in aged asphalts. The prevailing models used to predict asphalt aging are discussed, though 
more comprehensive research into asphalt aging is still needed. 
Keywords: Asphalt aging, asphalt mixture aging, oxidation, volatilization, steric hardening, aging models, aging testing. 
 
RESUMEN 
Este artículo presenta una revisión bibliográfica del fenómeno de envejecimiento que experimentan los asfaltos y las mezclas asfál-
ticas. El envejecimiento afecta el desempeño de los pavimentos flexibles y la magnitud de sus efectos se debe a la combinación 
de las características de los materiales (variables intrínsecas) y los efectos ambientales (variables extrínsecas) que actúan sobre 
ellos. Las variables intrínsecas incluyen las propiedades del asfalto y los agregados, el contenido de asfalto en la mezcla, el espesor 
de la película de asfalto y el contenido de vacíos. Las variables extrínsecas corresponden a dos momentos de la mezcla asfáltica; 
el primero, conocido como envejecimiento a corto plazo, se asocia al proceso de producción y colocación de la mezcla, y el 
segundo, conocido como envejecimiento a largo plazo, se asocia a la exposición a condiciones ambientales en el campo durante 
el tiempo de servicio. El proceso de envejecimiento ocurre por medio de tres mecanismos: volatilización, oxidación y endurecimien-
to estérico. Para simular el fenómeno en el laboratorio, se llevaron a cabo pruebas de envejecimiento acelerado mediante tempe-
ratura, presión y fotodegradación y a partir de ellas se crearon modelos empíricos y semiempíricos. Como resultado de esas prue-
bas, se ha observado el incremento en el módulo complejo y la reducción del ángulo de fase de los asfaltos. En el caso de las 
mezclas, se aprecia que la rigidez también se incrementa y las mezclas tienden a ser frágiles, por lo que la vida de fatiga se reduce. 
Los cambios químicos se manifiestan en la formación y aumento en el tiempo de grupos funcionales de carbonilo y sulfóxido. Final-
mente, algunos modelos utilizados para predecir el envejecimiento se discuten. Todo lo anterior permite afirmar que la investigación 
del fenómeno de envejecimiento es una importante tarea de la ingeniería de pavimentos. 
Palabras clave: envejecimiento, asfaltos, mezcla asfáltica, oxidación, volatilización, endurecimiento estérico, modelos de enve-
jecimiento, pruebas de envejecimiento acelerado. 
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Introduction 
Weather conditions and time lead to asphalt mixture aging due 
to several conditions during mixing and construction in addition 
to service life (Airey, 2003). These two processes are1referred 
to  as  short-  and.  long-term  aging,  respectively  ( Bell,  1989;2 
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Scholz, 1995; Vallerga, 1981), as the former takes a few hours 
and occurs while the asphalt mixture is hot whilst the latter 
spans the years after road construction during service life. 
Aging stems from intrinsic and extrinsic variables; intrinsic varia-
bles include the materials and t characteristics of a particular 
asphalt mixture, the asphalt, the aggregates, air void content and 
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the asphalt binder film over the aggregates (Kandhal and 
Chakraborty, 1996). Extrinsic variables consist of variables ex-
ternal to the mixture, such as mixing temperature regarding 
short-term aging and environmental conditions (i.e. ultraviolet 
radiation, temperature, rainfall) and time in long-term aging 
(Abbas et al., 2002; Lau et al., 1992; Lee, 1973; Traxler, 1963). 
These variables’ interaction throughout the life of service results 
in a harder, more brittle asphalt mixture; hence, the mixture may 
crack. Asphalt mixtures undergo chemical, physical, mechanical 
and rheological changes causing an asphalt binder and asphalt 
mixture to harden.  
Nathan et al., (2013) have reported asphalt materials’ aging stud-
ies, omitting the influence of granular aggregate in bitumen aging. 
They have also reported that mixtures’ effective binder content 
has provided the strongest indicator as to whether the parame-
ters of a mixture being evaluated would have a significant influ-
ence on the aging characteristics of an asphalt binder in a particu-
lar mix.  
Asphalt 
Asphalt composition 
Asphalt is a viscoelastic material which is derived from crude 
petroleum or from natural deposits; its chemical composition is 
complex, consisting mainly of carbon (80-88%) and hydrogen 
atoms (8-12%). Other elements, such as sulphur (0-9%), oxygen 
(0-2%) and nitrogen (0-2%) may also be present, as well as traces 
of vanadium, nickel and manganese (Lesueur, 2009; Petersen et 
al., 1994; Speight, 2007). Given such chemical complexity, it 
should be mentioned that asphalt’s particular composition de-
pends on its source and the distillation involved; asphalt chemis-
try should thus be studied regarding its molecular structure and 
molecular interactions. 
When the Strategic Highways Research Programme (SHRP 1987) 
began micelle modelling, this was the best available explanation 
for asphalt chemistry (Jones IV and T. W. Kennedy, 1991). Mi-
celle modelling explains the how and the why of asphalt’s viscoe-
lastic behaviour; however, micelle modelling and colloidal model-
ling are both widely accepted today. Solid particles (asphaltenes) 
are dispersed within an oleaginous matrix (maltenes) in the 
colloidal model; asphaltene and maltene fractions are separated 
by elution absorption involving liquid chromatography on active 
alumina (Corbett, 1970). Maltenes are separated into saturate, 
aromatic, resin and asphaltene (SARA) fractions (Table 1). As-
phaltene fractions are the solid particles responsible for aggre-
gate adhesion and saturates and aromatics grant fluidity; thus 
combining saturates, aromatics and asphaltenes produces asphal-
tic flow conditions (Lesueur, 2009). By contrast, resins provide 
ductility. 






Saturate Non-polar 5-20 Viscous oil White 
Aromatic Non-polar 40-65 Viscous liquid Dark brown 
Resin Highly polar +/- 20 Solid to semi-solid Dark brown 
Asphaltene Highly polar 5-25 Solid 
Black or 
brown 
Asphalts’ molecular interactions are based on molecular size, 
composition, polarity and reactivity. Along with component 
distribution within dispersed polar fluids, these interactions 
determine asphalt’s physical properties. Molecules attract and 
interact with each other through a variety of secondary forces 
which are weaker than covalent (strong) chemical bonding forc-
es. Molecules in the fluid can form intermolecular bonds. Polar 
molecules are uniformly distributed throughout the fluid, but 
non-polar molecules serve as a matrix or solvent for polar mole-
cules providing asphalts with their elastic properties. Bonds are 
brought about by temperature fluctuations and external stresses 
(Christensen and Anderson, 1992; Petersen, 2009) and, due to 
their weak nature, are constantly being broken and reformed. 
Defining asphalt aging 
Asphalt aging concerns the physical properties involved in asphalt 
change as time elapses because of changes in its chemical compo-
sition. These changes are produced by the interaction of intrinsic 
and extrinsic variables associated with short- and long-term 
aging. Aging mechanisms consist of volatilisation, oxidation and 
steric hardening. Whereas volatilisation and oxidation are pro-
duced by changes in molecular structure, steric hardening is 
produced by molecular reorganisation. Asphalt aging, also known 
as age hardening, describes hardening (Bell, 1989). 
Mechanisms associated with asphalt  
binder aging 
Aging is produced by three mechanisms: volatilisation of light 
asphalt components (Lesueur, 2009; Traxler, 1961), oxidation 
during service life (Petersen, 2009) and steric hardening. Volati-
lisation and oxidation are irreversible as they are prompted by 
chemical changes (Lu and Isacsson, 2000); steric hardening, 
though, can be reversed through heat or mechanical work 
(Swiertz, 2010) as it entails structural reorganisation of the mol-
ecule, produced by temperature changes (Petersen, 1984). 
Volatilisation 
The temperature increase during the production, storage, 
transport and laying of asphalt leads to volatilisation which links it 
to the short-term aging of the heated asphalt mixture. Tempera-
tures reach and surpass 150°C at which point the asphalt frac-
tions begin to evaporate. An additional 10 to 12°C could double 
volatile emissions (Read and Whiteoak, 2003). 
Hot asphalt coats the aggregates with a thin film during asphalt 
mixture; this film’s thickness ranges from 6 to 19 microns even 
though such thickness is not constant (Kandhal and Chakraborty, 
1996; Petersen, 1989). When thin asphalt film comes into con-
tact with aggregates at temperatures of 150°C or higher, aro-
matic fractions rapidly evaporate and asphaltenes generally in-
crease between 1 and 4 wt% (Farcas, 1996). Steam and fumes are 
produced as a result of this reaction depending on the contact 
surface area between the asphalt film and the aggregates (Zupan-
ick and Baselice, 1997). Although volatilisation primarily occurs 
during mixing, it may also occur during storage, transportation 
and laying.  
Volatilisation’s main effect is a loss of asphalt weight because of 
evaporation. Weight loss, in turn, reduces asphalt flow proper-
ties, i.e. viscosity is affected by volatilisation, especially given the 
speed with which volatilisation takes place. Researchers have 
found that viscosity increases from 150 to 400% (Bell, 1989; 
Christensen and Anderson, 1992). 
Oxidation 
Asphalt’s complex organic components react with atmospheric 
oxygen and ultraviolet (UV) radiation. Atmospheric oxygen and 
UV radiation initially react with pavement surface. Given that the 
surface is harder, cracks may appear; after the cracks appear, air 
percolates into the asphalt layers and engenders oxidation. Oxi-
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dation penetrates up to 15 mm below the surface layer (Martínez 
and Caicedo, 2005). It progresses in a top-down fashion, for UV 
radiation increases energy levels, leading to carbon-carbon chains 
breaking and combining with oxygen (oxidation); this occurs 
naturally during a pavement’s service life. 
Oxidation produces changes in SARA fractions. Corbett and 
Mertz (1975) studied 18-year-old pavements, concluding that 
there was no significant loss of saturate fractions because of 
oxidation, while the other three SARA fractions did indeed 
exhibit significant variation. In addition to affecting three of the 
four SARA fractions, oxidation has been seen to reduce aromat-
ics which first become resins and then asphaltenes (Farcas, 
1996). Functional groups with oxygen have been formed in as-
phalt molecules, leading to decreased resin and aromatic frac-
tions and increased asphaltene fractions (Lesueur, 2009). Bitu-
men oxidation can be explained by the formation of carbonyl and 
sulfoxide groups, and obeys first order kinetic reactions (Her-
rington, 1998). 
Oxidative age hardening significantly contributes to pavement 
embrittlement in asphalt pavements, eventually resulting in ex-
cessive pavement cracking (Petersen, 2009). Non-polar mole-
cules’ real molecular weight plays an important role in pavement 
performance, especially at low temperatures, as thin asphalt 
pavements having excessive polar material will undergo fatigue 
cracking, thermal cracking and brittleness. Similarly, asphalts with 
too much non-polar material or asphalts having extremely low 
non-polar material molecular weight will experience fatigue 
cracking; moisture sensitivity and rutting have been observed in 
thick pavements (Jones IV and Kennedy, 1991). 
Steric hardening 
Steric hardening refers to asphalt hardening at room tempera-
ture as time elapses. This involves a molecular reorganisation of 
asphalt, affecting asphaltene fractions (Masson et al., 2005); this 
occurs within one day and may be reversible because of temper-
ature fluctuations within the same day. Steric hardening effects 
include increased viscosity and slight volume contraction 
(Pechenyi and Kuznetsov, 1990; Traxler, 1961); steric hardening 
is mostly attributable to wax crystallisation, referring to the 
crystallisation of linear alkanes present in asphaltene fractions 
(Lesueur, 2009). This mechanism has also been called physical 
hardening. 
Changes in asphalt binder properties 
The mechanisms discussed so far produce several changes in 
cement asphalt properties. Regarding physical changes, laborato-
ry results have demonstrated less penetration and ductility, as 
well as a higher softening temperature and ignition point (Sid-
diqui and Ali, 1999a, Rojas, Amado, Fernandez & Reyes, 2012). 
Molecular size causes these changes, ultimately reducing flow 
conditions. Mechanical changes have also been reported due to 
an increase in the moduli (mechanical and dynamic moduli) (Ab-
bas et al., 2002; AbWahab et al., 1993; Airey et al., 2004; Al-Azri 
et al., 2006). These studies have shown that the moduli ratios 
before and after aging have reached 100% to 400%, depending on 
the asphalt. Stiffness alterations generate more permanent de-
formation and major cracking at low temperatures (Bell, 1989; 
Bell and Kliewer, 1995).  
SARA fraction composition changes due to the interaction of 
intrinsic and extrinsic variables: aromatics become resins and 
resins become asphaltenes (Farcas, 1996; Petersen, 2009; Pe-
tersen, 1984; Qi and Wang, 2003, 2004a, 2004b; Siddiqui and Ali, 
1999a, 1999b, Reyes, Daza & Rondón, 2012). These chemical 
changes involve larger, more polar molecular entities (Bahia and 
Anderson, 1995), evidenced by the formation of new functional 
groups, such as carbonyls and sulfoxides (Lesueur, 2009; Qi et al., 
2009; Qi and Wang, 2004a; Siddiqui and Ali, 1999b). Molecular 
size increase forms an elastic response that is faster than the 
viscous response (a result of aging). Although molecular agglom-
eration reduces asphalt fluidity, and thus decreases the phase 
angle, the viscosity and complex moduli increase. Such aspects 
significantly alter asphalt’s rheological properties. 
Laboratory aging techniques 
Treatments have focused on accelerating aging via temperature, 
oxidation and photo degradation. Myriad treatments have been 
used to age asphalt binders (Bahia et al, 1998; Dow, 1903; Edler 
et al., 1985; Griffin et al, 1955; Halstead and Zenewitz, 1961; 
Hveem et al., 1963; Zube and Skog, 1963; Kemp and Predoehl, 
1981; Lee, 1973; Lewis and Welborn, 1940; Parmeggiani, 2000; 
Petersen, 1989; Qi and Wang, 2003; De la Roche et al., 2009; 
Traxler, 1963) and asphalt mixtures (Bell, 1989; Hugo and T. 
Kennedy, 1985; Kemp and Predoehl, 1981; Khalid and Walsh, 
2000; Korsgaard et al., 1996; Pauls and Welborn, 1952; Von 
Quintus et al., 1991; Scholz, 1995). The thickness of asphalt 
cement film, which coats the aggregates, and asphalt mixtures’ air 
void content have been considered regarding aging. Differing 
time intervals have been considered to account for both short- 
and long-term aging: from minutes and hours for short-term 
aging to days or months for long-term aging. Researchers have 
also studied pavement core extraction, taken after varying years 
of service life. 
The Rolling Thin Film Oven Test (RTFOT) (Bahia et al., 1998) 
and the Pressure Aging Vessel (PAV) (Bahia and Anderson, 1995) 
test have now become the most common methods for simulating 
short- and long-term aging, respectively. RTFOT is a treatment in 
which a thin film of asphalt rolled inside a bottle is subjected to 
163°C for 85 minutes with blowing air pressure. The PAV treat-
ment involves using a chamber set at 100°C for 20 hours at 2.07 
MPa pressure to reproduce aging effects. PAV treatment simu-
lates between 6 to 8 years of pavement service life, according to 
USA standards. However, it should be born in mind that such 
aging does not necessarily correspond to the aging produced in 
other asphalts or weather conditions. 
After aging acceleration treatment, samples are usually studied to 
recognise changes in their physical, chemical, mechanical and 
rheological properties (Table 2), based on a comparison of as-
phalt characteristics before and after aging treatment. Physical 
testing and SARA fractions paint a clearer picture of aging; physi-
cal testing alone is important for easily understanding the chang-
es produced during asphalt aging. Penetration and ductility indi-
cate the level of hardening, though they do not describe the 
phenomena so occurring. Chemical testing explains changes in 
molecular structure and molecular interactions after aging treat-
ment/combinations of treatments. Changes in SARA fractions 
and functional groups accurately indicate aging. It would thus be 
prudent to consider both aspects when studying asphalt aging. 
Mechanical and dynamic tests are used to ascertain performance 
indicators. Aging stiffens materials; stiffening is detrimental to 
asphalt from the very beginning of its service life (as it exacer-
bates fatigue, permanent deformation and cracking) and further 
into its service life (as it embrittles material). 
Rheological changes reflect the viscoelastic properties of asphalt- 
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tic material subjected to aging treatment. Rheological testing 
provides information about the stress-strain relation in viscoelas-
tic materials, thereby helping to establish the constitutive equa-
tions of asphalt and asphalt binders used in different parts of the 
world, including Colombia. Allen et al., (2012) have evaluated 
aging through asphalt binder micro-rheological properties using 
atomic force microscopy. 
The effects of different UV absorbers (octabenzone and bumetri-
zole) on bitumen’s physical properties and photostability have 
been investigated by Feng et al., (2013); they used thin-layer 
chromatography with flame ionisation detection to analyse the 
likely mechanism of UV absorber on bitumen chemical transfor-
mation and ageing properties. The results indicated that bitumen 
ductility was significantly enhanced by adding a small amount of 
UV absorbers, especially by adding octabenzone, mainly attribut-
ed to an increase in bitumen’s aromatic content. The influence of 
UV absorbers on bitumen photostability was seen to be depend-
ent on bitumen origin and the type of UV absorber. Bitumen 
from different origins showed specific selectivity for different UV 
absorbers. 
Aging models 
Researchers have developed a wealth of models to tackle ques-
tions regarding asphalt behaviour related to the material’s chemi-
cal, physical, mathematical and rheological aspects. Models have 
either been empirical, based on laboratory results or semi-
empirical, based on a combination of laboratory results and 
constitutive equations concerning material behaviour. 
One of the first mathematical expressions for asphalt hardening 
was the Aging Index (AI) (Griffin et al., 1955). It represented the 
asphalt viscosity ratio of a 5 micron asphalt sample before and 





  (1) 
where A was viscosity after aging and B was viscosity before 
such process (original asphalt viscosity). 
Another mathematical expression stemmed from a study of eight 
asphalt cements over 48 months conducted by Lee (Lee, 1973), 
using both temperature and oxidation treatments. The results 
led to a hyperbolic function being established for estimating the 










where T1 was the amount of time 
required to reach a certain property 
in the laboratory, Tf was the amount 
of time in the field (expressed in 
months) required to reach the same 
property and a and b were constants. 
The results showed that 46 months 
of laboratory aging equalled 60 
months of aging in the field. 
As opposed to Lee’s hyperbolic 
model, Benson (Benson, 1976) estab-
lished an exponential model; stronger 
correlations for penetration (P) and 
viscosity (V) were found. Constant a 
was a measure of short-term aging 
and b was the model’s curvature: 
batV   (3) 
  atbaP  ln  (4) 
  252.0  ORPa  (5) 
Shiau et al., (1992) developed a linear empirical model that in-
cluded asphalt (A), temperature (T), oven (O) and these three 
variables’ interactions. Shiau et al., arrived at the following ex-
pression by studying 20 asphalts using two ovens and three 
temperature levels: 









This affirmed that viscosity was affected by temperature. The 
TFOT or RTFOT procedure performed at 185°F represented 
three months of Marshall specimens’ natural weathering. Six to 
nine months of pavement aging would also have produced rough-
ly the same hardening effects in typical paving grade asphalt used 
in Florida.  
Huang et al., (Huang, Tia, and Ruth, 1996) applied Shiaus’s model 
to modified asphalts in 1996. The RTFOT aging treatment at 
185°C for 75 minutes seemed to simulate one year of field aging 
in typical Florida conditions, while 168 hours of California tilt 
oven durability treatment seemed to simulate eight years of field 
aging in typical Florida conditions.  
Huh and Robertson’s model (1996) spanned 800 hours, using a 
pressure aging vessel (PAV) having 2.07 MPa chamber pressure at 
60°C, 80°C and 100°C. They adapted Arrhenius’ chemical model 
which considers the speed of the chemical reaction based on 














where k(t) was the number of collisions in a reaction per second, 
A was a frequency or pre-exponential factor, Ea was the activa-
tion energy from diffusion, R was the gas constant and T was 
temperature. The exponential factor was the probability that any 
collision could turn into a reaction. Sulfoxide formation dominat-
ed the initial phase of oxidative aging (0-200 hours), having a 
concomitant increase in viscosity. Viscosity became constant 
during the following hours but then began to rise owing to car-
bonyl formation. Sulfoxide and carbonyl formation during oxida-
tion thus increased viscosity. 
Table 2. Testing after accelerated aging treatment 
Properties Testing Characteristic Period Sample 
Physical Penetration 
Ductility 




STA and LTA* 
STA and LTA 
STA 
Asphalt (recovered  
from mixtures) 




Molecular interaction- oxidation 
STA and LTA 
STA and LTA 
 
Asphalt (recovered  
from mixtures) 



















(laboratory samples  








STA and LTA 
 
STA and LTA 
STA and LTA 
Asphalt (recovered  
from mixtures) 
*STA: Short-term aging **LTA: Long-term aging    
FERNÁNDEZ-GÓMEZ, RONDÓN QUINTANA AND REYES LIZCANO 
  
                         INGENIERÍA E INVESTIGACIÓN VOL. 33 No. 1, APRIL - 2013 (5-12)    9 
Daniel et al., (1998) used a mechanical model to investigate the 
effects of aging on asphalt aggregate mixtures; Schapery’s elastic-
viscoelastic correspondence principle was used to validate such 
effects. The researchers analysed changes in the viscoelastic 
properties and obtained dynamic moduli, relaxation moduli and 











  (8) 
where εR was uniaxial strain, ER the arbitrary constant used as 
reference modulus, E(t) the uniaxial relaxation modulus, t the 
amount of time elapsed from specimen fabrication to the time of 
interest and τ was the time when loading began. 
Chen and Huang (2000) studied the oxidative effect on asphalt 
using an empirical model. They used RTFOT and PAV treatments 
to simulate field aging and an experimental road was constructed 
for this study which allowed them to investigate real aging. Field 
and laboratory binders yielded comparable data when aged at 
60°C under 20 kg/cm2 of pressure. Asphalt aging time regarding 
the PAV treatment depended on the amount of time pavements 
were used in the field. As the road test project demonstrated a 
strong correlation between field and laboratory aging, an aging 
model was proposed to predict changes in paving binder proper-
ties during field hardening. Chen and Huang developed a chemi-
cal-mathematical model including the aging rate and the changes 
of binder properties in terms of molecular association: 
 








'  (9) 
The Ultimate Aging Index (UAI) concerns the ratio of the maxi-
mum value to the initial value of x(t). The UAI represents the 
final increase in x as time elapses. As time became indefinite, the 
x value equalled the UAI. The r parameter was the aging rate 
indicating the increased rate in x over the range of UAI. These 
two parameters, r and UAI, can be used to compare pavements’ 
aging rate and aging magnitude, respectively. The results closely 
agreed with experimental data from both laboratory and field 
aging tests.  
Said (2005) developed an Aging Index (AI) for comparing mixture 
patterns. AI was defined as the relative increase in stiffness mod-








































where AI PLTA preceded the long-term aging index, representing 
the first year of service, while AI LTA was long-term aging, repre-
senting the pavement after the first year of service. S was the 
stiffness modulus at different times, t was time in days, t1 was the 
first year (365 days) and t0  time (15 to 30 days). This model 
demonstrated that stiffness increased by about 27% during the 
first year after laying and only 3.5% per year from year two to 
year four after laying, with a continued decline after four years of 
expected service.  
Models have studied asphalt before and after aging; they have 
analysed the chemical, mechanical and rheological pattern of 
asphalt subjected to aging, but they cannot be reproduced in the 
field as they are based on isolated analysis of variables. For ex-
ample, the Aging Index (Griffin et al., 1955) evaluated a sample’s 
rheological changes after several temperature variations. Daniel’s 
mechanical model evaluated the strain changes of a sample sub-
jected to different loads. These models cannot be effectively 
compared and there is still no model that reproduces aging 
pattern taking into account both the intrinsic and extrinsic varia-
bles involved in asphalt aging. Only Said’s Aging Index proposed a 
stiffness performance test for pavement after four years’ service. 
However, this study was specifically designed for a specific as-
phalt, one supplier and one climatic zone. Researchers must thus 
establish a model which can analyse the intrinsic and extrinsic 
variables affecting asphalt mixtures to obtain a general model.  
Xiao et al., (2012) developed an Artificial Neural Networks 
(ANN) model to simulate the long-term aging of three asphalt 
binders regarding seven aging variables such as aging temperature 
and duration, m-value, mass loss of pressurised aging vessel 
(PAV) samples, percentages of large and small molecular sizes of 
high pressure-gel permeation chromatographic (GPC) testing, 
and binder stiffness. They stated that ANN-based models are 
more effective than regression models and can easily be imple-
mented in a spreadsheet. The proposed models cannot repro-
duce the reduction in performance brought about by aging and 
aging has not been included as an input variable in the aforemen-
tioned methods. Further research must study aging and its impli-
cations and also how this variable can be introduced into design 
guidelines. It is worth mentioning that aging depends on the 
characteristics of the materials and that each asphalt and aggre-
gate is different, hence addressing the problem becomes quite 
difficult. The intrinsic goal is to produce asphalt pavements having 
higher performance and durability; this research would seem to 
pave the way towards such goal. 
Anti-aging techniques 
When polyethylene waste and rubber powder is added to as-
phalt as modifiers, they absorb the asphalt’s light oil which can 
reduce free radical content and improve asphalt aging properties. 
Antioxidant- and anti-ozone agent-containing waste rubber pow-
er effectively improves asphalt anti-aging properties (Fang et al., 
2013). Reed (2010), Dong and Tan (2011), Punith et al., (2012), 
Shatnawi (2012) and Ali and Sadek (2013) have reported an 
improvement in crumb rubber-modified asphalt resistance to 
short-term aging. Warm mix asphalt (WMA) technology is an-
other way of decreasing aging in asphalt mixtures; according to 
Kim et al., (2013) using WMA technologies are effective in reduc-
ing polymer-modified asphalt (PMA) mix aging level. Jamshidi et 
al., (2013) mentioned that reduced WMA asphalt binder aging 
was due to reduced volatilisation and oxidation because of lower 
construction temperatures. Ying et al., (2013) used gel permea-
tion chromatography (GPC) for analysing SBS-modified asphalt, 
showing that small molecules become larger one in asphalt and 
SBS polymer molecules become degraded during aging. SBS 
polymer may lose its modifying function after aging for a long 
time. 
Pan et al., (2012) have stated that the current state of knowledge 
regarding asphalt oxidation and antioxidant evaluation has fo-
cused on determining the degradation of asphalt’s physical prop-
erties, mainly viscosity and ductility. Such practice does not 
contribute towards fundamental understanding of aging and anti-
oxidation mechanisms and thereby hampers anti-aging strategies 
being developed. 
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Conclusions 
Asphalt aging is complex and causes functional damage to asphalt. 
The aging mechanism negatively affects pavement flexibility (per-
formance) after years of service life. The most important damage 
engendered by aging is cracking and a reduction of asphalt fatigue 
life due to asphalt binder stiffness. Aging can be understood in 
terms of two stages: short-term and long-term aging; the former 
takes place during mixing in a plant, during production and during 
the storage, transport and laying of an asphalt mixture, volatilisa-
tion and, to some degree, oxidation during short-term aging, 
making it the more severe type of aging. Long-term ageing is 
produced throughout asphalt’s service life, resulting from oxida-
tion due to UV radiation, humidity and rain; steric hardening 
happens during long-term aging at room temperature.   
Environmental conditions and the characteristics of a hot asphalt 
mixture cause asphalt aging. Aging consequences include chemi-
cal changes in the asphalt binder (i.e. modifications in molecular 
structure and molecular relations). Chemical changes come from 
volatilisation of the resin fractions due to mixture temperature, 
oxidation due to humidity and water vapour and steric hardening 
due to room temperature; binder mass decreases as a result of 
volatilisation. Oxidation leads to increased carbonyl and sulfoxide 
groups, as carbon bonds break. Steric hardening alters binder 
volume and stiffens the top of the pavement. Because a stiffer 
binder can crack under traffic load and cracks can develop inside 
pavement (up to 15 millimetres deep), steric hardening is a signif-
icant cause for concern in aging studies. 
Many (empirical or semi-empirical) models have been proposed 
for predicting aging. Current models cannot reproduce the ef-
fects of aging in asphalt and asphalt mixtures, instead resorting to 
simulation and prediction. Some flexible pavement design guide-
lines do not even consider aging. Future research must be orien-
tated towards discovering the characteristics of aging and the 
effect it has on asphalt mixtures to formulate an aging model 
which is close to real conditions. 
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